Mapleson's A and D are the most efficient semic/osed nonabsorbing circuits used for spontaneous and controlled ventilation. A new device, the MultiCircuit System, allows single-lever selection of Mapleson A or D functions, when used with the conventional two hoses or Mera F coaxial circuit attached. In the A mode, in a study performed on awake volunteers, the MultiCircuit System with two hoses performed comparably to the Magill attachment. When coupled with the Mera F circuit as a coaxial system, the MultiCircuit System was less efficient than the Magill, and had a resistance to expiration exceeding 2cm H20 pressure at a gas flow of 30 IIminute.
An upsurge of interest in anaesthetic circuits over the past decade has resulted in the introduction of various new systems. This reflects inherent deficiencies in the more commonly used circuits. The concept of one system for spontaneous ventilation (e.g. the Magill attachment) and a different type for controlled ventilation (e.g. the circle) has held sway for many years. However, the convenience of a 'universal' system for both types of ventilation has resulted in the widespread adoption of the circle or Bain circuits I for this purpose.
Various requirements need to be satisfied to enable a circuit to be used for both spontaneous and controlled ventilation. 2 These include, most importantly, low resistance and minimal deadspace (especially in paediatric use) and the avoidance of rebreathing during spontaneous ventilation. Numerous other factors are also important: the ability to change easily between ventilatory modes, the facilitation of scavenging, economy of fresh gas flow, heat and moisture conservation, light mass, low bulk and ease of cleaning. While the circle and the Bain are commonly used for spontaneous and controlled ventilation, they have various deficiencies in terms of the preceding criteria.
The Mapleson A (Magill) and D systems combine the advantages of relative efficiency in utilisation of fresh gas flow 3 with the avoidance of the need for carbon dioxide absorption. The Magill requires a fresh gas flow of approximately alveolar minute volume 4 to prevent rebreathing during spontaneous respiration. Its coaxial analogue, the Lack, designed to facilitate scavenging, may be even more efficient, requiring flows perhaps as low as 51 mllkg.5 The Bain, a modified Mapleson D circuit, requires a fresh gas flow of 100 mllkg6 or greater, 7-9 depending on whether or not rebreathing is to be allowed, but is more efficient when used for controlled ventilation, where 70 mg/kg fresh gas flow produces normocarbia albeit in the presence of rebreathing, provided that this fresh gas flow is exceeded by the minute volume of ventilation. IO A circuit that could be used interchangeably as either a Mapleson A for spontaneous ventilation or as a D for controlled ventilation would have advantages in that the most efficient Mapleson configuration would be employed for each type of ventilation. This concept was initially explored with the Johannesburg AID switch 11 and more recently with Humphrey's double-lever ADE device 2 available in two forms, for conventional twohose, or coaxial (using the Lack system), use.
A new device, the MultiCircuit System (Medicraft, Darra, Qld.), allows single-lever selection of A or D modes. 12 It can be used with either the conventional two hoses or with the attachment of the Mera F circuit (Senko Medical Trading, Japan, supplied by Tuta Laboratories) as a coaxial system (Figures 1  and 2 ).
This study was undertaken to assess the resistance to inspiration and expiration of the MultiCircuit System in the A mode with either two-hose or coaxial attachments, and to define in awake volunteers the fresh gas flow at which rebreathing just occurred.
METHODS
The resistance of the inspiratory and expiratory pathways of the MultiCircuit System in the 'A' mode; alone, and with standard 1.1m black antistatic rubber hoses or the Mera F circuit attached, was determined by U-tube water displacement manometry. Three MultiCircuit units, two with CIG exhalation valves and one with an MIE valve, all fully open, were examined. This was performed at 20 and 30 IImin of air flow, to allow comparison with results published for other types of anaesthetic equipment. Identical studies were performed also on two Magill circuits, one with a CIG and the other with an MIE valve. The fresh gas flow at which rebreathing just occurred was assessed in five rested healthy volunteers (mean mass 78.6 kg, range 55-107 kg). After an initial period of familiarisation with well-fitting snorkel-type mouthpieces and nose clips, sequential studies were undertaken firstly with a Magill circuit, and then with a MultiCircuit unit in double hose and coaxial forms, all with MIE Supalite valves. Medical air was supplied via a rotameter connected to an Email Model 602 gas meter in series with a Wright's respirometer. Virtually no discrepancy was observed in metered volumes between these instruments over the flow range. Ventilation was monitored by a strain gauge pneumograph (Beckman 'Respiratory Belt' No. 218886) placed at the level of the xiphoid. Formal quantitative calibration was not undertaken but an increase in area under the curve coupled with an increase in respiratory rate was taken to represent an increase in minute volume. Inspired and expired carbon dioxide levels were measured at the mouthpiece using a Beckman LB-2 infrared analyser with a specified accuracy of ± 2070 at full scale. A sampling rate of 200 mllmin was used with occasional fresh air flushing to check baseline drift. Both chest wall movement and carbon dioxide concentrations were charted continuously by a pen recorder (Beckman RS 611) at a paper speed of 6 cm/min. As a baseline, a fresh gas flow of about twice resting minute volume was used for each subject. From there the flow was decreased in increments reducing progressively from one litre per minute to approximately 100 mllminute without the knowledge of the subject. A chart recording of about five minutes' duration was obtained at each level following a period of acclimatisation. When C02 appeared in the inspired gas at a concentration of 0.2% or more corresponding to a 1 mm rise in the capnograph trace, the flow rate was noted. This was taken to be the flow rate at which rebreathing was starting to occur for each circuit-patient combination. This is consistent with the approach used by Nott, WaIters and Norman. 9 It was usually associated with an increase in minute volume, recorded as the area under the pneumograph tracing. The experimental arrangement is shown in Figure 3 .
RESULTS

Resistance studies:
The results of resistance studies are tabulated in Table 1 . The most important determinant of inspiratory resistance was the inner (inspiratory) tube of the Mera 'F' attachment. The maximum inspiratory resistance of 1.60 cm H20 occurred with the MultiCircuit Mera F combination at 30 IImin flow. Expiratory resistances were also higher when the Mera 'F' attachment was used, and exceeded 2 cm H20 at 30 IImin. The CIG valves tended to offer less resistance than the MIE valves at 20 IImin, but the performances were less consistent at 30 IImin. (Some volunteers noted during the study that despite the foregoing the pressures necessary to open the CIG valves were subjectively unpleasant.) 
Rebreathing studies:
The flows at which rebreathing just occurred are tabled in Table 2 . The difference between the MultiCircuit in the double-hose and coaxial configurations achieved statistical significance (0.05>t>O.02: paired t-test). Figure 4 is a typical recording which demonstrates the appearance of carbon dioxide in the inspired gas mixture, with a consequent increase in minute volume which is able to maintain the end tidal concentration at the normal level. The results confirm that the MultiCircuit with double hoses attached is at least as efficient as the Magill system for spontaneous ventilation. It is considerably less so when used with the coaxial attachment, rebreathing occurring at a fresh gas flow of minute volume or greater.
DISCUSSION
The Magill system has been favoured for spontaneous ventilation in adults for five decades. Mapleson 3 proposed in 1954 that a fresh gas flow equal to minute volume would prevent rebreathing, and Kain 4 subsequently showed that a flow equal to alveolar minute volume was probably sufficient. The Magill accordingly enables economy of fresh gas flow, recent figures of 72 mllkgl being quoted. In this study, the MultiCircuit System used in the Mapleson A mode with two standard breathing hoses attached allowed economy of fresh gas flow similar to that of the Magill attachment. In the absence of sampling from points in the circuit other than the mouthpiece, it is not possible to say how the circuit functions as the point at which rebreathing occurs is approached. Further studies could answer this question.
On the other hand, rebreathing occurred at considerably higher flows with the MultiCircuit System with the coaxial Mera F attachment. The difference between the alternatives was statistically significant. The system with the Mera F attachment differs geometrically in a number of ways. While separate coaxial pathways exist for inspiration and expiration, the volume of each (150 ml and 400 ml respectively) is considerably less than that of two standard 1. I-metre hoses (nominal 500 ml volume). Studies with the prototype Lack circuit showed that it was considerably less efficient than the Magill,13 the reason for this probably being the reduction in volume of the inspiratory pathway caused by the coaxial arrangement of the tubes. This allowed contamination of the reservoir bag with expired alveolar gas, with subsequent rebreathing of C02. It is probable that the different behaviour of the MultiCircuit System with the Mera F attachment in this study is also due to the low volume of the inspiratory pathway. Subsequent increases in volume of the pathways in the production Lack circuits resulted in reduction in fresh gas flow needed to prevent rebreathing to the level of the Magi1l 9 or less. l An increase in volume of the inspiratory and expiratory pathways of the Mera F, in a similar fashion to that used in the production Lack circuits, should enable greater efficiency at lesser resistances. However, the advantages of light mass, low bulk and flexibility may be compromised, as they were in the case of the Lack. A circuit of intermediate dimensions, as previously described with the Johannesburg A-D switch, 11 might be more suitable.
The resistances to flow of the MultiCircuit System with two hoses and the Magill attachments were comparable. However, the resistance of the expiratory pathway of the MultiCircuit with the Mera attachment exceeded the 2 cm H20 regarded as acceptable for anaesthetic equipment by Nunn (quoted by Barnes et al. 13 although this occurred only at 30 IImin). Flows of this magnitude are not common during anaesthesia.
This study demonstrates that the MultiCircuit System, used in the' A' mode with two standard rebreathing hoses attached, is comparable with the Magill attachment in terms of resistance to gas flow, and economy in utilisation of fresh gas flow. The alternative with the Mera F circuit attached, while offering coaxial convenience, is less efficient, and at higher gas flows has a resistance which may be clinically appreciable.
